Two of the antigenic characters of erythrocytes, that in either identical or related forms differentiate four species of Streptopelia (chinensis, humilis, orientalis, and senegatensis) from a fifth (S. risoria) by interaction of the causative genes, are involved in the appearance in backcross hybrids of additional antigenic specificities to those of the parental species. The cells of backcross hybrids, resulting from matings of S. chinensis x S. risoria and backcrossing to S. risoria, in which the two independently inherited antigenic characters (ch-4 and ch-8 peculiar to S. chinensis) are combined as homozygotes, exhibit an antigenic specificity not present in backcross biuds carrying separately these two characters.
S. risoria genome.
Genes related to those that in modern species or in species hybrids interact to effect new antigenic specificities presumably possessed the same abilities in ancestral forms of Columbidae.
One of the unexpected findings in comparisons of the relationships of the antigenic characters of erythrocytes peculiar to species of Columbidae is that an antigenic character that behaves as a unit in one species (Columba guinea) is antigenically related to each of two genetically independent antigens of another species (Streptopelia chinensis) (1) . Specifically, the C9 antigen of C. guinea, which distinguishes it from C. livia, has behaved as a single character in over 400 offspring in the population generated by backcrosses of the species hybrid and backcross hybrids to C. livia. This antigen is related to each of two independently inherited antigens (ch4 and ch-8) of Streptopelia chinensis (1) , which are among the 9 or 10 that differentiate S. chinensis from S. risoria (2) . The genes responsible for each of these three antigens are involved in the production of antigenic specificities (hybrid substances or interaction products) in species hybrids and backcross hybrids, in addition to those present in the parental species. These hybrid substances may be effected either by the interaction (a) of alleles from the respective parental species (3), or (b) of independently inherited genes derived from the parental species (4).
Evidence for additional antigenic specificities within S. chinensis resulting from interaction between the nonallelic 2979 genes for ch-4 and ch-8, differentiating it from S. risoria, is given in this paper. Also, crossreactivity of the C9 antigen of C. guinea with this interaction product, and also with a fraction of the hybrid substance of species and backcross hybrids carrying the ch4 antigen, is reported.
MATERIALS AND METHODS
The isolation as genetic units of the antigenic characters peculiar to S. chineneis, S. humilis (tranquebarica), S. orientalis, and S. senegalensis in comparison with S. risoria has been described (2, 5) . Similarly, the cellular antigens of C. guinea have been obtained as units in backcrosses to C. livia (1, 6 . Factors def were normal constituents (although interaction products) of the cells of S. humilis and of those birds of S. orientalis and S. senegalensis that possessed the group-4 antigen, and thus differentiated these species from S. chinensis and S. risoria (7) . If in the backcross hybrids to S.
risoria the gene for the group-4 antigen from any of these four species was combined wth the homozygous gene for ch-8 (ch-8/ch-8) from S. chinensis, only antigenic factors abc were present, as in S. chinensis (8) . Further, if a gene for any mem- antigen was used. From these results, it may be concluded that the cells of backcross birds with C9 contain an antigenic specificity related to the gh specificities of group-4 as these occur in backeross hybrids in the Streptopelia. Presumably, this ghlike specificity of the C9 antigen is produced by the interaction of the genes for the abc specificities of group-4 and for the ch-S-like antigen. That there is a difference between the gene or subgene for the group-4 antigen in the C9 birds from that in the Streptopelia is evident in that only the gh specificities are produced in combination with the gene for ri-8 of S. risoria in the generic hybrid (F,-C. livia (Cg)/S. risoria). Otherwise, the def specificities should also be present.
Is the C9 a unit character? Although the C9 character of C. guinea has behaved as a unit in the backcrosses to C. livia, involving over 400 birds to date, its crossreactivity with the independently inherited antigens of S. chinensis, ch4 and ch-8, raises the question as to whether a single gene or linked genes are involved in its production. If only one gene effects C9, the resulting product includes antigenic factors abc of ch4 (8) , at least two factors relating it to ch-8 (3, 10), and two separate interaction specificities (zj and gh-like), in addition to a complex of antigenic factors that relate it to those of many other species of Columbidae (1). These relationships suggest strongly that linked genes are involved in causation of the C9 trait.
On the basis of linked genes, the question arises as to whether linkage between the genes for antigens of group-4 and group-8 prevailed in an ancestral form of the Columbidae, or whether this presumed linkage resulted from an event involving genes on independent chromosomes. The independent inheritance of the genes for group-4 and group-8 in four species of Streptopelia is established by virtue of their behavior in the respective backcrosses (2, 5, 10) . In contrast, if but one gene effects the C9 antigen, it would be rational to assign to it the status of an ancestral gene.
Equally as pertinent as the question of linkage or independence of the ancestral genes for group-4 and group-8 is evidence for the stability of the gene or subgene effecting antigenic specificities abc. These appear in 7 of the 9 species of Streptopelia that have been tested (10) , although in three (S. capicola, S. orientalis, and S. senegalensis) some individuals lack the factors of group4, as do S. risoria and S. semitorquata (10) . These factors are present also in three species of Columba -C. guinea, C. picazuro, and C. palumbus (10) . [C. palumbus contains all the antigenic specificities of C9 of C. guinea (10) and must, therefore, have factors abc.]
Other antigenic characters have been notably stable in evolution. For example, Landsteiner and Miller (11) demonstrated the identity of the A and B factors, wherever found in the higher apes, to those of human blood, implying identity of the causative genes. Also, cytochrome c in man and chimpanzees has identical sequences of amino acids, presumably specified by identical genes (12) . Examples of heterophile antigens have been given by Buchbinder (13) , of which one group would include antigens found both in vertebrate tissues and in certain bacteria. What appeared to be a single antigen was found widely distributed in many species of class Aves, suggesting strongly that a causative gene in distantly related species of class Aves had remarkable stability.
The evidence presented here and previously (10) adds to the rationality of the proposal of a gene complex (cistron) effecting the antigenic specificities of the group-4 antigen. One subgene a' produces specificities abc, a2 effects ab, and a3 produces only a (10) . A second subgene (x), by interaction with the gene complex for the group-8 antigens, effects primarily, but not necessarily only the interaction specificities. Since the C9 cells contain factors Dbc, subgene a' is present, but an allele of subgene x different from any thus far recognized is assumed. This allele interacts with the group-8-like gene in C. guinea to effect two different specificities. One of these is related to the il specificity in S. chinensis, the other to the gh factors of the backcross hybrids carrying any member of group4. The allele of the subgene in S. chinensis may be termed x6, that in C. guinea as X7. Allele X7 interacts with the gene for the group-8-like antigen of C9, the product resembling both ii and gTh, and with the gene for ri-8 of S. risoria to effect gh in the generic hybrid.
The appearance of various combinations of the interaction specificities (defgh) associated with one or more factors (ib~c) of the group-4 antigen has been listed for different species of Columbidae (10) . It can be confidently assumed that these interaction specificities are the result of interaction between the genes for group-4-like and group-8-like antigens, irrespective of whether these genes are linked or independent. Because of the presence of these interaction products in species now only distantly related, one can state with confidence that some form of the interacting genes was present in species ancestral to those now constituting the Columbidae.
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